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EFFECT OF FUSEWE CIRC-IAL lXCZ!I' LOCATION ON 

DIFFUSER-DISCHARGE TOTAL-PRESSURE PROFILES AT 

By Emil J. fiemzier and  Joseph F. Wasserbauer 

An invest igat ion of t he   e f f ec t  of fuselage  circumferential   inlet  
locStion on diffuser-discharge  total-pressure  profiles w a s  conducted i n  
the  Lewis 8- by 6-foot supersonic wind tunnel  over a range of inlet cor- 
rected air flows for   angles  of attack up t o  go. The least change w i t h  
angle of a t tack  in   both  total-pressure  contours  and total-pressure dis- 
t o r t i on  at the  diffuser  discharge w a s  observed for the inlet  located on 
the bottom of the  fuselage.  The greatest change i n   d i s t o r t i o n   l e v e l  
w i t h  angle of a t tack was obtained  for  the side-inlet location. The mag- 
nitude of t h i s  change could be reduced somewhat by  reorientatfon of the 
ramp surface ta  give  increased  campression at angle of attack.  Variation 
i n   d i s t o r t i o n   l e v e l   f o r  the top-inlet  configurations  with angle of a t tack  
was largely  confined  to  the supercr i t ical   range of inlet operation. 
Addition of fuselage  fences  ahead of the t o p   i n l e t  w a s  ef fec t ive  at mod-  
erate angles of a t tack  in   prevent ing some of the low-energy air associ- 
ated with the body crossflow f ie ld  from entering  the inlet. 

INTRODUCTION 

Some of t he   e f f ec t s  of in le t   loca t ion  on the performance of i n l e t s  
mounted on a fuselage are reported i n  references i t o  3. Variat ions  in  
the flow f ie ld  with  circumferential   posit ion on 8 fuse l age  at angle  of 
a t tack   resu l t   in   l a rge   var ia t ions  i n  inlet   pressure  recovery and drag. 
The invest igat ion of reference 1 points  out that the pressure recovery 
and drag of a bot tom' inlet  are higher than  those  for a t o p   i n l e t  at angle 
of a t tack.  Also, the   addi t ion of  fuselage  fences improves the  angle-of- 
attack  pressure  recovery of a t o p   i n l e t  at the  expense of some increase 
i n  drag. Reference 2 shows that i t  is possible to improve the  pressure 
recovery of a side inlet at moderate  angles of a t t ack  (free-stream Mach 
number of 2.0) by a reorientat ion of the external  compression surface t o  
give increasing  compression with increasing  angle of attack. 
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While the var ia t ions of i n l e t  pressure recovery  and drag are impor- 
tan t   fac tors   in   me-eva lua t ion  of the  performance of a propulsion  system, - 
the dis tor t ion  and d is t r ibu t ion  of t o t a l  pressure at the diffuser  dis -  
charge are also important  cansiderations. Flow d i s to r t ions   i n   t he   a f r -  
induction  system  can  reduce the surge  margin of tu rboje t  compressors, 
thereby  reducing  engine  acceleratlon  and  alt i tude  operating  capabili t ies.  
I n  addi t ion,   local  increases i n  turbine  gas temperature may occur, re- 
quiring  an  engine thrust derating as a protect ive memure. Other unde- 
sirable e f f ec t s  such as ro ta t ing  stall and increased  cmpreseor blade 
vibratory stresses can also ex i s t .  Some of the factors influencing  the 
amount of flow distortion  encountered  in  air-induction systeme are dts- m 
cussed in   references 4 t o  6. 

E 

The present  investigation  ie  an  extension of the  information con- 
ta ined  in   refkrences 1 and 2 t o  include  the effects of in le t   loca t ion  on 
diffuser-discharge  total-pressure  profiles.  Top, side, and bottom inlet 
locations on the NACA R"10 body of revolution are coneidered. Most -of 
the data presented are for  a free-stream Mach number. of 2.0 and f o r  a 
range of angle of attack and in le t   cor rec ted  weight flow. 

'av 

pmax 

pmax - Pmin 
'av 

'min 

SYMBOLS 

average  area-weighted t o t a l  preseure at diffuser discharge 

maximum l oca l   t o t a l   p re s su re  at diffuser  dtscharge 

flow-distortion parameter 

minimum loca l   t o t a l   p re sau re  at d i f f u s e r  di.scharge  within 
95 percent of  duct  radius 

free-stream to ta l   p ressure  

loca l   t o t a l   p re s su re   i n   duc t  at d i f f u s e r  discharge 

corrected weight  flow  per ani t  area at diffuser dtscharge, 
(lb/sec ) /sq 'f t 

model angle of a t tack  
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The data presented   in   th i s   repor t  were obtained from the  investiga- 
t ions  reported  in   references l and 2 J  which include  detai led  descr ipt ions 
of the models and instrumentation. A schematic  drawing of the models 
discussed  herein i s  presented  in  figure 1. Configuration A u t i l l zed  a 
conventional ramp-type in l e t   w i th   t he  ramg surface  curved parallel  t o  
the fuselage  surface  and  separated from the  fuselage by a wedge-type 
boundary-layer  diverter. The i n l e t  wgs positioned  successively on the  
top, side, and  bottom of the  fuselage. The i n l e t  of configuration B was 
mounted only on the side of the fuselage w i t h  a f la t  ramp surface  per- 
pendicular   to  the fuselage  surface. The ramp surface was located  across 
the  top of the  duct and imparted a downward de f l ec t ion   t o   t he   i n l e t  air. 
The i n l e t   fo r - th i s   con f igu ra t ion  was a l so  separated from the fusel-e by 
a boundary-layer  diverter and included side fairings on the  ramp t o  mini- 
mize f low  sp inage  from the  compression  surface. 

Diffuser-discharge  total   pressures were determined with a t o t a l -  
pressure rake located at model s t a t i o n  66.5 just downstream of the d i f -  
fuser  dischazge. The flow-distortion  parameter (P- - Pd,)/Pav w a s  
obtained from the  difference between the m a x i m u m  and minimum t o t a l  pres- 
s u r e s  at the diffuser  discharge  within 95 percent of the  duct  radlus 
divided by the  average to ta l   p ressure .  

The invest igat ion w a s  conducted i n  the NACA Lewis 8- by  6-foot 
supersonic wind tunnel over a range of inlet corrected  weight  flaws  and 
at angles of a t tack  of 00, 3 O J  6O, and 90. Most of the data presented 
were obtained at a free-stream Mach  number of 2.0. Reynolds number range 
f o r  the invest igat ion was from 26.9KL06 t o  33.OxlO6 based on model 
length. 

t 

Contours of the  local  total-pressure  recovery at the   d i f fuser  dis- 
charge for  configuration A are   p resented   in   f igures  2(a> , (b), (c) , and 
(d) f o r  the bottom in l e t ,   s ide   i n l e t ,   t op   i n l e t ,  and t o p   i n l e t  with 
fences,  respectively. A l l  contours are presented  for the i n l e t  at or 
near c r i t i ca l   opera t ion .  L i t t l e  change in   t he   pos i t i on  of the  high- 
energy  core  with  increasing angle of a t tack  is noted for the bottom i n l e t  
( f ig .  2 (a) ) . A t  an angle of a t tack  a of go , however , this  core  spreads 
out,  covering a larger   port ion of the  duct,  and the separated region, 
ind ica tedby  the  shaded area a t  the  top of the duct,  disappears. The 
separation at the  top of the  duct at the lower angles of a t tack  is prob- 
ably a r e s u l t  of ramp surface shock - boundary-layer  interaction  together 
with failure of the  flow t o  follow the ramp surface  curvature. A t  
a = go, the strength of the terminal shock on the ramp surface is  reduced 
because of the compression of the flow on the bottom of the fuselage, 
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which reduces the  Mach  number ahead of the In l e t .  The ramp surface 
pressure is   a l so   increased ,  which  tends to   i nc rease  the spillage of the 
boundary layer off t he  edges of the ramp. Thus, the magnitude of the 
shock - boundary-layer  interaction i s  reduced. 

For the side inlet ( f ig .  2 (b) ) ,  the  high-energy core at zero  angle 
of a t tack  i s  loca ted   i n  the r igh t  half of the duct, the separated region 
again  occurring on the-ramp .side at the left .  A t  angle of a t tack,   the  
high-energy  core moves i n t o  the upper r igh t  quandrant,  and the  separat ion 
moves down i n t o  the lower left quandrant.  Although  the  local Mach  num- 
ber and crossflow angle of attack at the  inlet   increase  with model angle 0) 

of a t tack,  no appreciable change i n   t h e  amount of separation is noted. 

E 

The high-energy  core in   the  contours  foll-the top   i n l e t   ( f i g .  2 (c) ) 
does  not  change posi t ion w i t h  increasing  angle of a t tack  up to 6'. The 
region of separation  increases, however, probably as a r e s u l t  of boundary- 
layer  thickening on the leeward side of the-body, as illustrated i n   t h e  
Pitot   pressure  contours of reference 3 at body s t a t i o n  45. These con- 
tours show a general  thickening of .the 1.w-nergy air region at the top 
of the body with increasing  angle of a t tack up t o  about 6'. Above 6O,  
the  contours  indicate  the  formation of a vortex  system i n   t h i s   r e g i o n  
which tends  to  sweep away the  low-energy air n e a r  the  top surface of the .z 

body a t  the base of t he   i n l e t .  This reduct ion   in  the amount of  law-energy 
air at- the i n l e t  ramp surface  reduces  the  inlet  shock - boundary-layer 
interact ion t o  such a large  extent  that no separation i s  observed i n  the - 
diffuser-discharge  total-pressure  contours at go angle of at tack.  It l e  
also  apparent that the  crosaflow  vortex  system  imparts a downward com- 
ponent t o  the flow velocity  near the center of the inlet, resu l t ing  i n  a 
downward displacement of the  high-energy core at the  -dfffuser  discharge 
for go angle of a t tack .  It i s  quite  probable that some of the law-energy 
air from the  vortex system enters the   in le t ,   s ince   the  pressure l e v e l  of 
the  contours at go is lower .than that for the  lower anglee of a t tack.  

The addition of body fences   to  the top-inlet   configuration (fig. 
2 (d) ) has no noticeable effect on the   var ia t ion   in   pos i t ion  of the  high- 
energy  core at the diffuser discharge with angle of attack. No increase 
i n  the  amount  of separation with increasing angle of a t tack up t o  6' is 
noted, however, indicating  effective  blocking of the  body crossflrrw by 
the  fences. A t  go angle of attack, the crossflow  vortex  syetem  apparently 
ie   extensive enough t o  overcme  the  blocking effect of the fencee,  since 
t h e  high-energy  core is again  displaced downward as for the  top i n l e t  
without  fences. 

The total-pressure-ratio  contours at the diffuser discharge  for  the 
side i n l e t s  of configurations A and B are compared i n   f i g u r e  3. The T 

variat ion of the  f low  pattern of configuratlon A with  angle of a t tack has 
already  been  discussed  (fig. 2 ( b ) ) .  Reorientation of the ramp surface 
to   t he   t op  of the duct  for  increased ccmpression at angle of at tack .. 
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r e su l t s  i n  the  f low  pat tern  shorn  in   f igure 3 for   configurat ion B. The 
high-energy  core of the  total-pressure  contours  for this configuration 
shows very l i t t l e  change in   posi t ion  with  increasing angle of attack. 
I n  reference 2 J  the  pressure  recovery of configuration B (horizontal 
ramp} was higher  than  that of configuration A (ve r t i ca l  ramp) over the 
angle-of-attack  range a t  Mach 2.0. Despite this higher  pressure  recovery, 
a fair ly   extensive separated region  can be observed on the ramp side of 
the duct,  probably  because of th& presence of i n l e t   s i d e  fairings tha t  
prevent ramp surface boundary-layer  spillage  off  the edges of the ramp. 

Distor t ion  levels  (P- - P&,>/PaV for t h e   i n l e t s  of configurations 
A and B are presented  in  f igures 4 t o  6 as a function of diffuser-  
discharge  corrected  weight flow per uni t  area. 

In   f i gu re  4, comparison of the   d i s tor t ion   l eve ls  of the vmious 
i n l e t s  of configuration A ind ica tes   tha t  t h e  bottom in l e t ,   t op  i n l e t ,  and 
t o p   i n l e t  with fences show the least variation  with  angle of a t t a c k   i n  
the v i c in i ty  of c r i t i ca l   i n l e t   ope ra t ion .  The general   level  of d i s tor -  
t i o n   f o r  a l l  of the   inlets   increases   gradual ly  with increasing air flow 
i n  the subc r i t i ca l  range,  and  increases more rapidly  during  supercritical. 
operation. This trend is also  observed in   re fe rence  4- The dashed 
curves  for fully developed  turbulent  pipe flow are included  for  
comparison. 

The most pronounced e f f e c t  of angle of a t tack  on d is tor t ion  is ex- 
perienced  with the side in le t   ( f ig .   4 (b)  ] , where the   e f fec t ive  angle of 
a t tack  of t h e   i n l e t  i s  increased  by the bady crossflow. 

The di f fe rences   in   d i s tor t ion   l eve l   wi th  angle of a t t ack   fo r  the 
top   in le t   wi th  and  without  fuselage  fences  (figs. 4 (a) and (c) 1 are 
largely  confined  to  the supercr i t ical   range of inlet   operat ion.  These 
differences are not   par t icular ly   s ignif icant ,  however, Eince the design 
operation of most- inlets  is gene ra l ly   i n  the v i c i n i t y  of c r i t i c a l .  

Figure 5 compares the d is tor t ion   l eve ls  of the side i n l e t  of  con- 
f igurat ion A a t  free-stream Mach numbers of 1.5 and 2.0. Data w e r e  
available only  for  0' and 6O angle of a t tack  at Mach 1.5, but no signif-  
i can t  change i n  d i s tor t ion   l eve l  with angle of a t tack  i s  noted f o r  this 
range.. Also, the increase   in   d i s tor t ion   l eve l  with in le t   cor rec ted  ~r 
flow i s  steady  over  the air-flaw range, wtth no evidence of a pronounced 
increase   in  slope between subcri t ical   and.supercrFt ical   in le t   operat ion.  
Since  the ramp a n g l e   f o r   t h i s   i n l e t  exceeds the oblique-shock  detadhment 
angle at Mach 1.5, no strong terminal shock i s  formed on the ramp surface 
during  subcrit ical   inlet   operatzon. I n  the  supercr i t ical   range,  a ter- 
minal  shock  forms i n  the subsonic  diffuser , gradually moving downstream 
and increas ing   in   s t rength  as the inlet air-flow rate is increased. This 
gradual   increase  in  shock - boundary-layer  interaction  results in a 
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smooth var ia t ion of distortion  level  with  increasing air-flow rate, 
rather  than  the  abrupt chan@;e--that takes  place when a strong terminal 
shock en ters   the   in le t .  The i n i t i a l   d i s t o r t i o n   l e v e l  for c r i t i c a l  i n l e t  
operation at zero  angle of a t t ack  is higher at Mach 1.5 than at Mach 2.0, 
probably  because of a greater  flow veloc i ty   g rad ien t   acro~e   the  i n l e t  
resu l t ing  from the detached bow wave formed by the large ramp angle. 

The d is tor t ion   l eve ls   for   the   s ide  inlet of configurations A and B 
are  compared i n   f i g u r e  6 for a free-stream Mach  number of 2.0. The 
general t r ends  of the   var ia t ion   o f .d i s tor t ion  with air-flow rate and E 
angle of attEtck far the two inlet6 are similax. Configuration 3, however, -00  
exhibi ts   s l ight ly  Less diet.ortion  increase with angle of at tack a t  c r i t i -  
cal inlet   operat ion.  Thus, it appears  that  the  adverse  effecta of angle 
of a t tack on the flaw d i s to r t ion  of a side i n l e t  can be reduced by ori- 
enting  the ramp to  give  increased compression w i t h  increasing  angle of 
a t tack.  

SUMMARY OF RESULTS 

The e f f ec t  of fuselage  circ-umferential  inlet  location on diffuser-  
discharge  total-presswe  prof i les  w a s  investigated at supersonic epee& 
for a range of model angles of a t tack  and i n l e t  air-flow ratea.  The 
fallowing  results were obtained: 

1. The  flow conditions at the diffuser  exit of the bottom i n l e t  
were leas t   a f fec ted  by changes i n  angle of a t tack.  Both total-presaure 
contours and total-pressure  distortion  exhibited  very l i t t l e  change with 
increasing  angle   ofat tack i n  the  range from 0' t o  go. 

2. Total-pressure  dis tor t ion  level   for  the side i n l e t  showed the 
greatest   increase w i t h  angle .of at tack and some change in   poe i t ion  of 
the  total-pressure  contours. . Reorientation of t h e   i n l e t  ramp surface t o  
gFve increased  compression at angle of a t tack  effected 8 slight  reduction 
of the aistortion  increase  with  angle of attack, while the reoriented 
total-pressure  contours showed no s ignif icant  change. 

3. Variat ions  in  the d ia tor t ion   l eve l  with angle o f a t t a c k  at the 
diffuser  discharge of the  top-inlet   configuration,  whlle  subject  to 
total-pressure  variations at the inlet   associated  with the body croaeflaw 
field, are  largely  confined  to the supercr i t ica l  range of inlet operation. 
'Diffuser-dfscharrge  total-pressure  contours  indicate  that  the  addition of 
fuselage  fences ahead of the   i n l e t  i s  e f fec t ive  i n  preventing some of the 
law-energy air in   t he  body crossf low  f ie ld  from  entering the i n l e t  at 
moderate angles of a t tack.  - 

Lewis Fl ight  Repulsion Laboratory 
National  Advisory Committee for  Aeronautics 

Cleveland, Ohia, July 27, 1956 
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(a) Bottom i n l e t .  

aJ= 

/ 

a = 3O 

a = 6O 

a = go 

.675 

.650 

(b) Side inlet. 

Figure 2. - Total-pressure contours for configuration A at 
critical condttions. Free-stream Mach number, 2.0. 
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0.800 

.750 

a = So 

a = OO 

a = 3' 

(c) Top i n l e t .  

0 

0 .740 

(a) Top inlet with fences. 

Figure 2. - Concluded.  Total-preeeure contours for config- 
uratian A at critical  conditions.  Free-stream Mach number, 
2.0. 
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a = 6' 

a = go 

Configuration A Configuration B 

Figure 3. - Comparison of contour plots at critical 
operation for side-inlet configurations A and B. 
Free-stream  Mach number, 2.0. 
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Angle of  a t tack,  
a, 

del3 
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.3 - - - Turbulent  pipe 
f low 
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s.1 
I &  

PI . 
2 0  
b (a)  Free-stream Mach number, 2.0. 
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U 
8 12 16 20 24 

Corrected welght f l o w  per unit   area,  

(b)  Free-stream Mach n u d e r ,  1.5. 

Figure 5. - Dis tor t ion   l eve l  for  s i d e   i n l e t s  of configuration A. 
(Arrows ind ica te   c r i t i ca l   opera t ion  at zero angle of attack.)  
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.3 
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(a)  configuration A. 

.3 

. 2  

.1 

12 16 20 24 
Corrected  weight f low per unit area, 

4, 6A (lb/sec)/eq ft 

(b) Configuration B. 

Figure 6. - Compariaon of distortion level for sLde inlets of con- 
figurations A and B. Free-stream Mach nuniber, 2.0. (Arrow8 in- 
dicate  critical  operation at zero angle of attack.) 
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